US  ARMY-  RDECOM 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 

CERDEC  Fuel  Cell  Team:  U.S.  Army  CERDEC  Field  Evaluation 

and  Testing  of  Soldier  and  Man- 
Portable  Fuel  Cell  Power  Sources 

2009  Fuel  Cell  Seminar  &  Expo  -Palm  Springs,  CA  -  19  Nov  2009 

Jonathan  Novoa,  Shailesh  Shah,  Marnie  de  Jong,  Mike  Dominick,  JJ  Kowal 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

19  NOV  2009  Presentation 

3.  DATES  COVERED 

00-11-2008  to  19-11-2009 

4.  TITLE  AND  SUBTITLE 

U.S.  Army  CERDEC  Field  Evaluation  and  Testing  of  Soldier  and 
Man-Portable  Fuel  Cell  Power  Sources  CERDEC  C2D  Army  Power 
Division  Power  Sources  Branch 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Jonathan  Novoa;  Michael  Dominick;  Shailesh  Shah;  Marnie  De  Jong;  JJ 
Kowal 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  ARMY  COMMUNICATIONS-ELECTRONICS  RESEARCH 
DEVELOPMENT  AND  ENGINEERING  CENTER, 5100  Magazine 

Rd., Aberdeen  Proving  Ground, MD, 21005-1852 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  ARMY  COMMUNICATIONS-ELECTRONICS  RESEARCH 
DEVELOPMENT  AND  ENGINEERING  CENTER,  5100  Magazine  Rd., 
Aberdeen  Proving  Ground,  MD,  21005-1852 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

RDER-CCA-EC 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

An  update  on  CERDEC  fuel  cell  technology  research,  development,  and  demonstration  is  provided. 

15.  SUBJECT  TERMS 

Fuel  cell;  soldier  power 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER  19a.  NAME  OF 

OF  PAGES  RESPONSIBLE  PERSON 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  Same  3S 

unclassified  unclassified  unclassified  Report  (SAR) 

23 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


ttDEGOwTfr 

Department  of  The  Army: 

★CERDEC 

Who  We  Are 

US  ARMY-  RDECOM 

COMMAND  &  CONTROL 
DIRECTORATE 


ARMY  POWER  DIVISION 


POWER  SOURCES  BRANCH 


FUEL  CELL  DEVELOPMENT  TEAM 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


rdecom^  Presentation  Outline  *CEF^= 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


RDECOM 


Army  Power  Division 
Mission 
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To  conduct  research,  development,  and  system  engineering  leading  to  the 
most  cost-effective  power,  energy,  and  environmental  technologies  to 
support  Army’s  soldier,  portable,  and  mobile  applications. 


ATOs 


ATO  R. LG. 2009.01 

Mobile  Power 

Transitional  Hybrid  Power  Source,  Log-fueled 

Waste  Heat  Recovery 

Power  Centric  Mobility  applications 


ATO  D.CER.2008.08 
Power  for  Dismounted  Soldier 

Half-Sized  BA5590  Li/CFx  Battery 
Half-Sized  BA5590  Li-Air  Battery 
Soldier  Conformal  Rechargeable  Battery 

Soldier  Hybrid  Methanol  Fuel  Cell  Power  Source 

Soldier  Hybrid  Fuel  Cell  Power  Source 

Portable  Hybrid  Power  Sources  &  Chargers,  JP-8  fueled 
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CERDEC  Fuel  Cell  Team 
Our  Mission 
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To  Rapidly  Develop  &  Transition  Suitable  Fuel  Cell 
Technologies  to  Applications  where  they  are  Most  Needed 


Man  Portable 
100-500  W 


% 

Sensors 
<  5  W 
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Fuel  Cells  for  Sensor  and  Soldier  Power 


Current  Programs 
& 

Recent  Lab  Testing  Results 
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RDEGon/rjb  Potential  Benefit  —  Sensor  and  ★cerdec 

Soldier  Power  ■“ 


>Longer  runtimes  than  current  batteries  for  comparable  form  factors 
>Logistic  advantages  related  to  handling  and  lifecycle  costs 
^Cheaper  than  current  batteries  for  comparable  power  needs 
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RDEGoniT^  Potential  Benefit  —  Sensor  and  ★cerdec 

Soldier  Power  ■“ 


Cost  Comparison  for  Operating  Batteries  vs.  Fuel  Cells 
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Potential  Benefit  -  Soldier 

Power 
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25W  Starting  Mission  Weight  vs  Mission  Hours 
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Sensor  and  Soldier  Power 
(100  mW-  100  W) 


Fuel  Technology 


Direct  Methanol 


Reformed  Methanol 


Chemical  Hydrides 


SOFC 


Bio  -  Fuels 


Current  Efforts 


■]  S  FC  [■ 

Smart  Fuel  Cell 


* 

UNF 


UNIVERSITY  of 
NORTH  FLORIDA. 


UltraCell 


GENERAL  ATOMICS 


Power 


w 


Tennessee  Tech 

UNIVERSITY 


AKERM I N 
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hdfcom^  UltraCell  XX25  RMFC 


In  Development  with  CERDEC  and  DARPA 

Rated  25W  continuous 
Reformed  Methanol  Fuel  Cell  (RMFC) 

Fuel:  67%  Methanol  /  33%  Water 

Dimensions:  9.3"  x  5.3"  x  1 .8" 

Start  Up  Time:  20  min. 
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rdecom^  UltraCell  XX55  RMFC 


Progression  from  XX25 

Rated  55W  continuous  (HOWPeak) 
Reformed  Methanol  Fuel  Cell  (RMFC) 

Fuel:  67%  Methanol  /  33%  Water 

Dimensions  1 3"  x  8"  x  4" 

Start  Up  Time:  25  min  /  Hybridized 

System  Dry  Weight:  2.7  kg 

System  Efficiency:  26.0  % 


55W  Mission  Energy  Density: 

24  hr  265  Whr/kg 

72-hr  410  Whr/kg 


*  Calculated  based  on  initial  data  only 


Efficiency  vs.  Percent  of  Full  Load 


Percent  of  Full  Load 
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Developed  with  CERDEC  and  DARPA 

Rated  60W  continuous  (100  W  Peak) 
Solid  Oxide  Fuel  Cell  (SOFC) 

Fuel:  Commercial  Propane  Canisters 

Dimensions:  1 0.25"  x  9"  x  4" 

Start  Up  Time:  15min. 

System  Dry  Weight:  2.8  kg 

System  Efficiency:  18.0% 

60W  Mission  Energy  Density: 

24  hr  400  Whr/kg 

72-hr  760  Whr/kg 


SOFC 
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Fuel  Cells  for  Man  Portable  Power 


Current  Programs 
& 

Recent  Lab  Testing  Results 
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Auxiliary  Power/  Battery  Charging 


> Bridge  power  gap  between  batteries  and  generators 

>Greater  efficiencies  than  TQGs  and  vehicle  power 

>  Reduced  noise  and  heat  signatures 

> Enables  remote,  portable  battery  charging  capability 
where  other  power  sources  are  not  practical 

>Low  emissions 
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Man  Portable  Power 
(100  W- 500  W) 


Fuel  Technology 


Reformed  Methanol 


Ammonia  Borane 


Sodium  Borohydride 


SOFC 


Current  Efforts 


|0I 

Direct  Methanol  , 

POWER  SYSTEMS” 

□  Protonex 

The  Next  Generation  of  Portable  Power  * 


ULTRALIFE 


Batteries 


LYNNTECH 


□  Protonex 

The  Next  Generation  of  Portable  Power  * 


ULTRALIFE 


Batteries 
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Protonex  P- 


Developed  with  CERDEC  &  ARO 

Rated  100W  continuous 
Solid  Oxide  Fuel  Cell  (SOFC) 
Fuel:  100%  Pure  Propane 


Dimensions:  14”  x  6.75”  x  3.75” 

Start  Up  Time:  50  minutes 

System  Dry  Weight:  6.9  kg 

Fuel  Cartridge  Weight:  0.8  kg 


Fuel  Consumption:  38g/hr 

System  Efficiency:  1 8.6  % 


RDECOM 


SOFC 
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B  Protonex 

The  Next  Gene* ation  of  Portable  Power 
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Recent  Exercises 

& 

Demonstrations 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


RDECOM 


Aberdeen  Test  Center 

Aberdeen  Proving  Ground,  MD 
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Ballistic  Testing: 

Determine  Fuel  Cell  and  Cartridge  Safety 
.50  Cal  Incendiary  Rounds 

Targets: 

Fuel  Cells  in  Operational  Configuration 
Propane  Canisters 
Methanol  Cartridges 

Results: 

Benign  Release  of  Fuel  from  Containers 
No  Incident  on  Fuel  Cell  Systems 
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Environmental  Conditions 

Temp:  70-1 002F 
Humidity:  60-100% 


Radios 

► 


Purpose: 

Utilize  the  UltraCell  XX25  RMFC  as  a  Remote  Power  Source 
for  Dismounted  Soldier  Applications 


Feedback: 

Users  enjoy  Hotswapable  Capabilities 
“...Good  Mission  Extender’’ 
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BDECOM% 

West  Point  Military  Academy 

★CERDEC 

West  Point,  NY 
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Purpose: 

Conduct  a  Human  Factors  Analysis  on  the 
UltraCell  XX25  RMFC 


Test  Factors: 

Ergonomics 
Ease  of  use 

Ability  to  Read  Display  (Fuel,  Error  Codes,  etc.) 

Testing  Results: 

Phase  1 :  August  -  December  2009  (Classroom) 
Phase  2:  Summer  2010  (Field  Demo) 
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Conclusions 


RDECOM 
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>Fuel  Cells  have  shown  great  potential  for  meeting  the 
increased  energy  needs  of  the  dismounted  soldier 

>Many  current  systems  have  increased  reliability  and 
ruggedness  moving  from  TRL  5/6  to  6/7 

>No  one  technology  has  shown  it  will  be  the  sole  solution 
for  the  military  -  both  fuel  and  fuel  cell  need  to  be  safe 
and  user  acceptable 

>Test  and  evaluation  of  fuel  cell  power  systems  plays  a 
vital  role  in  assessing  the  state  of  technology  and 
transitioning  to  the  procurement  stage 
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'  Thank  You! 
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